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Abstract: Using data from the National Health Interview Survey
and the RAND Health Insurance Experiment, we estimated the
external costs (costs borne by others) of a sedentary life-style.
External costs stem from additional payments received by sedentary
individuals from collectively financed programs such as health
insurance, sick-leave coverage, disability insurance, and group life
insurance. Those with sedentary life-styles incur higher medical
costs, but their life expectancy at age 20 is 10 months less so they
collect less public and private pensions. The pension costs come late

Introduction
A growing body of literature indicates that regular

exercise may prove beneficial in ameliorating the conse-
quences or preventing the onset of a wide range of diseases
and chronic conditions. 1-9 The consequent improvements in
health may translate into decreased use ofhealth services and
increased job productivity, resulting in economic benefits to
society at large. Conversely, those who choose to lead more
sedentary lives may actually impose costs on others.

We term such costs-costs that others pay as a result of
an individual's decision to lead a relatively inactive life rather
than exercise-external costs. By contrast, internal costs are
those borne by the individual and are presumably taken into
account in decisions about how much to exercise. External
costs stem from additional payments received by sedentary
individuals from collectively financed programs such as
health insurance, sick-leave coverage, disability insurance,
and group life insurance. The premiums and payroll taxes
that finance these programs are the same for sedentary and
active individuals. As a result, these social welfare programs
may have the unfortunate side effect of subsidizing unhealthy
behavior.

The external costs of smoking and drinking can in
principle be converted to internal costs by appropriate excise
taxes, but it is difficult to imagine how to tax a sedentary
life-style. If, however, a sedentary life-style does impose
external costs, subsidies to facilities and programs that
promote exercise could well save money in the long run. Such
subsidies might take the form of public parks or other
recreational facilities that charge no fee or have fees below
cost. The greater the external costs of inactivity, the greater
the possible value of exercise promotion. In order to shed
further light on this issue, we have calculated the external
costs of a sedentary life-style.

Our focus on external costs can be contrasted with a
recent analysis of the total (internal and external) costs and
benefits of exercise.'0 Under assumptions similar to ours,
exercise was shown to improve health efficiently, especially
for those who enjoyed exercising. That analysis should
encourage people to exercise because it is good for them. In
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in life, as do some of the medical costs, and so the estimate of the
external cost is sensitive to the discount rate used. At a 5 percent rate
of discount, the lifetime subsidy from others to those with a
sedentary life style is $1,900. Our estimate of the subsidy is also
sensitive to the assumed effect of exercise on mortality. The subsidy
is a rationale for public support of recreational facilities such as parks
and swimming pools and employer support of programs to increase
exercise. (Am J Public Health 1989; 79:975-981.)

this paper, we study a different question, which is more
relevant to government action-if someone exercises, is that
good for other members of society?

Methods
We will briefly describe our methods and data; more

details can be found in the Appendix and in a forthcoming
report, available from the authors.*
Cost Analysis

We focused our cost analysis on the lifetime (as opposed
to current) costs incurred by individuals who exercise to
varying degrees because some of the effects of exercise
persist for many years. In judging any policy with long-term
effects, it is important to discount costs that are incurred in
the future. Most analysts of health policies consider a 5
percent discount rate as standard, but because the proper rate
of discount is controversial, we have computed results for
several discount rates that span the range commonly used.'1

In order to assess the costs associated with reduced
physical activity, we made use of a hypothetical person: the
"active inactive" individual. Because we were only inter-
ested in estimating the effects of exercise on external lifetime
costs, we needed to hold constant the effects of other
differences between those who do and do not exercise
regularly; this we did by changing only the value of the
exercise variable in our estimated regression equation. Thus,
we use the "active inactive" individual to determine what the
lifetime costs would be if the group of inactive people in our
sample had instead been active throughout their lives but
retained all of their other characteristics.

Our modeling approach involved tracking, from age 20 to
death, hypothetical cohorts of sedentary men and women
who, for the purposes of comparison, were counterfactually
made physically active. To accomplish this, we developed a
life table, based on exercise status, that showed the proba-
bility of surviving to each age (see Appendix).

We used the life tables to compute the difference in costs
that are due to a lack of exercise. These expected net external
lifetime costs, X, are given by the formula:

*Manning WG, Keeler EB, Newhouse JP, Sloss EM, Wasserman J: The
external economic costs of poor health habits. Santa Monica, CA: The RAND
Corporation, forthcoming.
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X= Z t20 P(AIS)t * C(S)t

_t-20 * P(AIRE)t * C(RE)t
where

8 = annual discount factor (= 1/(1 + r)),
P(AIS)t = probability of surviving from 20 to at least

age t given a sedentary life style,
C(S)t = annual costs minus taxes and premiums at

age t for those who are sedentary,
P(AIRE), = probability of surviving from 20 to at least

age t given regular exercise
C(RE), = annual costs minus taxes and premiums at

age t for those who exercise regularly.
The lifetime external costs of leading a sedentary life

included in our analysis are: covered medical costs, covered
work loss, group life insurance, the widow's bonus in Social
Security, covered nursing home costs, pensions, and disabil-
ity insurance. (Covered means paid through a collectively
financed public or private policy.) Because inactive people
lead shorter lives, they will pay less of the taxes and
premiums that finance these programs. This differential adds
to the lifetime costs borne by active people and so must be
included (see Appendix).

Although the cost analyses follow hypothetical cohorts
over time, the information for what happens at each age is
based on recent (cross-sectional) experience for that age, and
not on projections of what life will be like, e.g., in the year
2048 when those 20 years old in 1988 turn 80. Thus, we did
not estimate the effects of secular and biomedical trends on
the sequalae of a sedentary life-style. Instead, we used
current estimates for such parameters as retirement, medical
and nursing home costs, education, and life insurance ar-
rangement. This simplifying assumption is commonly made
(e.g., by the National Center for Health Statistics12 in
computing life expectancy) because the alternative is too
difficult and too conjectural.
Data

The primary data source for those under age 60 is the
RAND Health Insurance Experiment (HIE), which has
detailed information on health habits, diseases and chronic
conditions, and the utilization of medical services. Because
those aged 62 or over at the time of enrollment were excluded
from the HIE sample and because we wanted to estimate
lifetime costs, we used data on the elderly from a 1983
supplement to the National Health Interview Survey (NHIS)
that includes information on health habits, use of medical
services, and work loss. We supplemented these two sources
with information from the Current Population Survey (CPS),
the National Medical Care Utilization and Expenditure
Survey (NMCUES), the Centers for Disease Control (CDC),
and other sources.

The HIE sample is a random sample of individuals
observed between November 1974 and January 1982 from six
sites throughout the United States (Dayton, OH; Seattle,
WA; Fitchburg, MA; Franklin, MA; Charleston, SC; and
Georgetown, SC).'3"14 For this paper, we used data on 3,074
individuals enrolled in fee-for-service plans who were be-
tween the ages of 20 and 59. For those age 60 and over, we
used unpublished data from the National Health Interview
Survey (NHIS).'5 These data are from a supplemental ques-
tionnaire on health habits that was administered to 20 percent

of the respondents to the 1983 NHIS who were at least 18
years of age; this yielded a sample of 22,418 persons.
Measures of External Costs

The costs of medical services are external to the degree
they are financed by health insurance. We know the fraction
of inpatient and outpatient expense paid out of pocket on
average for each age, so it suffices to compute the effects of
exercise on total medical spending. In our analysis, we
examined differences in medical expenditures between those
who engaged in regular exercise and those who did not. In the
case of the HIE, medical expenditure measures were based
on insurance claims filed during the experiment for periods up
to five years; and in the case of the NHIS, on reported
outpatient visits and hospital admissions in the preceding
year.

The work loss measure used in the analysis for those
under age 60 is based on responses to a health diary that was
filled out biweekly by HIE participants. Work missed by
those surveyed in the NHIS was estimated using responses
to a question concerning the amount of work missed over a
two-week period. Data on wages and pensions come from the
Current Population Survey.'6"17
Measures of Exercise Status

We classified each person in the HIE data set into one of
the following three categories based on his or her reported
level of exercise (ascertained by a single question) at the time
of enrollment into the study: those with light or no exercise
(mostly sitting or walking); moderate or strenuous exercise
several times a week; or strenuous exercise most days.
Individuals with role or physical limitations were separated
from the rest of the population to avoid attributing the effects
of their health problems to lack of exercise.

The exercise categories for the NHIS sample are also
based on responses to a single question: "Are you less active,
about as active, or more active than others your age?" Again,
we placed individuals with physical or role limitations in a
separate category. Thus, the NHIS categories differ from
those of the HIE in that the NHIS measures each person's
perceived amount of exercise relative to the average for his
or her age group, rather than the more objective HIE measure
of how often the person exercises.
Other Covariates

Our estimates of the effect of exercise on the costs of
medical care and sick leave controlled for age, sex, race,
smoking, drinking, education, health status, family income,
and family size by including them as explanatory variables in
a multiple regression analysis. In the analysis of the HIE
data, we also controlled for coinsurance rate and the use of
seatbelts. Education and seatbelt use are proxies for differ-
ences between those who engage in regular exercise and
those who do not that may affect work loss and the use of
medical services but are not affected by the amount of
exercise.

Results
Use of Medical Services and Work Loss

Although moderate exercisers had 12 percent fewer
outpatient episodes than the group with little or no exercise,
strenuous exercisers had only 8 percent fewer outpatient
episodes than those with little exercise (Table 1). The effect
of strenuous exercise was substantially larger for inpatient
use than for outpatient care (30 percent lower inpatient use
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TABLE 1-Differences in Medical Use and Work Lose In the Health Insur-
ance Expefiment (HIE) Sample

Outpatient Inpatient
Episodes Admissions
(excluding (excluding
well-care) maternity) Male Work Loss"

Level of
Exercise Ratio 95% Cl Ratio 95% Cl Ratio 95% Cl

Little 100 - 100 - 100 -

Moderate 88 (80, 96) 90 (71, 113) 83 (61,112)
Strenuous 92 (81, 105) 72 (52, 100.2) 68 (47, 99)

NOTE: Entry indicates percentage ratio of use to use by those with little exercise with
similar non-exercise characteristics.

aHIIE data did not permit an estimate of work loss for females.

rate compared to a 8 percent lower rate of use of outpatient
care).

We were concerned that health status could affect
exercise, as well as exercise affecting health status-the
syndrome expressed by, "I exercise if I feel well." Even
though we controlled for role or physical limitations, we felt
that perhaps our dichotomous limitation measure was too
crude a measure of ability to exercise. Hence, to check the
sensitivity of our results to the possibility that health status
may affect exercise, we added general health and mental
health indices and a count of the number of chronic diseases
to our list of covariates.16 Strenuous exercisers had a 20
percent lower hospitalization rate and used 6 percent less
outpatient care than light exercisers, after these adjustments
(results not shown). Thus, the magnitude of the effect of
exercise on inpatient use depends on how one treats the
causal relationship between health status and exercise.

For adult males, moderate exercisers had 18 percent
fewer work loss days than those with little exercise, while
those with strenuous exercise missed 32 percent fewer days.

We also examined the effects oflack ofexercise using the
1983 NHIS for all adults (Table 2). The NHIS sample
exhibited a more pronounced effect of exercise than the HIE
sample. As an example, for moderate exercisers, the HIE
data exhibited a 12 percent lower outpatient use rate than for
never or light exercisers, in comparison to the 29 percent
lower outpatient use rate in the NHIS data for moderate
exercisers.

Cost Analysis

As a base case, we estimated the external costs of those
who, although not physically limited, do not exercise even
when young-about 12 percent of men and 20 percent of
women in our population. The lifetime external costs in each
category for those who classified themselves as not very

TABLE 2-DIffernces In Medical Use and Work Loss in the National Health
Interview Survey (NHIS), 1983

Outpatients Hospital
Visits Admissions Work Loss

Level of
Exercise Ratio 95% Cl Ratio 95% Cl Ratio 95% Cl

Below average 100 - 100 - 100 -

Average 71 (65, 78) 66 (58, 76) 70 (51, 95)
Above

average 72 (65, 80) 65 (57, 75) 77 (56, 100)

NOTE: Entry indicates percentage ratio of use to use by those with little exercise with
similar non-exercise characteristics.

TABLE 3-An Inactive Person's Lifetime External Costs

Discount Rate

0% 5% 10%

CoStSa
Medical careb 60 11 5
Sick leave 5 2 1
Group life 4 1 0.4
Nursing home 11 0.7 0.1
Retirement pension 129 16 4

Taxes on eamingsa 183 27 9
Total net CostSaC 27 4 1
Ufe expectancy at

age 20 (years) 56.9 21.2 13.0

aMeasured in thousands of 1986 dollars.
bExcludes matemity and well care.
c(Sum of costs) minus taxes on wages. For example, 27 = 60 + 5 + 4 + 11 + 129 -

183. Due to rounding, categories may not sum to total.

active physically are given in Table 3. For those 20-59, we
used data from the HIE and included all medical expenses
(except maternity and well care) and all covered work loss;
for the aged, we included all medical expenses based on data
from the NHIS.

For undiscounted lifetime costs, medical costs and
retirement pensions are the largest external costs, and after
subtracting taxes on earnings, the total net undiscounted
costs are $27,000 per person (Table 3).

Costs discounted at 5 percent show much lower nursing
home and pension costs. The other costs fall less because a
part of them occurs early in adulthood. The discounted
lifetime external costs fall to $4,000 at a 5 percent discount
rate, and $1,000 at a 10 percent rate.

Table 4 shows the change in these costs if relatively
inactive individuals had exercised regularly but otherwise
retained their characteristics and habits (i.e., if they became
"active inactive" people). As discussed in the Appendix, we
modify the CDC Health Risk Appraisal (HRA) estimates of
the effects of exercise on men, and combine recent
evidence5,6,10 in assuming exercise adds 1.5 years of life for
men. Then, additional exercise increases total life expect-
ancy by 300 (undiscounted) days, and reduces medical costs.
Because active individuals live longer, nursing home pay-
ments increase as do pensions. Overall, however, the effect
of increased exercise is to decrease undiscounted external

TABLE 4-Diference between External Costs of Relatively Inactive Per-
sons and Those Same Individuals Had They Been Active

Discount Rate

0% 5% 10%

Differences in Costsa
Medical careb 14.8 1.8 0.6
Sick leave 1.1 0.5 0.3
Group life 0.3 0.1
Nursing home -1.0 -0.1
Retirement pension -7.0 -0.5 -0.1

Taxes on eamingsa -1.1 -0.1
Differences in total net

costs C 9.3 1.9 0.8
Life expectancy at age

20 (days) -300 -22 -4

NOTE: * Indicates figure is less than 0.05. All costs are extemal.
aMeasured in thousands of 1986 dollars.
bExchudes matemity and well care.
C(Sum of costs) minus taxes on wages. Due to rounding, categories may not sum to total.

977AJPH August 1989, Vol. 79, No. 8



KEELER, ET AL.

TABLE 5-Sensitivity of Costs of Inactivity to Assumptions on Effects on
Mortality (5 Per cent Discount Rate)

Alternative Mortality Assumptions

Effect of Exercise No Effect of
is 1.5 More Exercise

Years for Men on Mortality HRA Model

Costsa
Medical careb 1.8 2.0 1.2
Sick leave 0.5 0.5 0.5
Group life 0.1 0.0 0.4
Nursing home -0.1 0.0 -0.3
Retirement pension -0.5 0.0 -3.3

Taxes on eamingsa -0.1 0.0 -0.5
Total net costsa.c 1.9 2.5 -1.1

aMeasured in thousands of 1986 dollars.
bExcudes matemity and well care.
c(Sum of costs) minus taxes on eamings. Due to rounding, categories may not sum to

total.

costs.
The discounted external lifetime costs, which are more

relevant to policy, tell a similar story. At a 5 percent discount
rate, increasing exercise saves $1,900 in lifetime costs. This
represents our best estimate of the external costs of a
sedentary life-style. By way ofcomparison, at a discount rate
of 5 percent lifetime external costs of relatively inactive
persons are greater than those of smokers ($1,000), but less
than those of heavy drinkers ($4,600).*
Sensitivity Analysis

We analyzed the influence of alternate assumptions
concerning the effects of exercise on mortality (Table 5). For
convenience, the first column of Table 5 repeats the results
from the second column of Table 4. The second column gives
the costs assuming exercise has no effect on mortality; that
is, the standard United States life table is used for both
groups. Only medical costs and sick leave differ, and these
are both higher for sedentary people than they would be if
these same people were active.

The last column is based on the unaltered HRA results
which show enormous beneficial effects of exercise on
mortality (see Appendix). The mortality changes strongly
affect pensions and use of nursing home care. If lack of
exercise has a large effect on mortality, sedentary individuals
pay much more in Social Security taxes than they live to

collect. Even when discounted at 5 percent, these late-life
effects mean that those who do not exercise subsidize those
who exercise: the external costs of inactivity decrease as the
assumed beneficial effect of exercise on mortality increases.

Next, we investigated the sensitivity of our results to
other assumptions and data sets, while holding the effect on
life expectancy at its middle value of 1.5 years for men. For
comparison, the first column in Table 6 repeats the first
column ofTable 5. First, to test the sensitivity to data source,
we used parameters based entirely on NHIS data (for the
young as well as the old) (column 2). The major change was
that the estimated effects of exercise on medical costs were
much larger, which caused the external costs of a sedentary
life-style to double. However, the sick leave and nursing
home estimates are consistent with the HIE results.

Second, to test the sensitivity to how we estimated the
health effects of exercise, we contrasted sedentary individ-
uals with current exercisers, rather than with the sedentary
people made hypothetically active (third column of Table 6).
Because inactive people have other characteristics which are
associated with lower medical use (for example they have
less education, on average), they spend less on medical
services than active people, despite their inactivity. The
negative signs in the third column show that currently
inactive people are not subsidized by exercisers; the first
column however shows that inactivity is subsidized. In other
words, ifthe people who are inactive started to exercise, they
would pay current exercisers $1,900 more than the $700 they
currently pay.The main reason inactive people do not impose
higher external costs is that they die earlier.

The base case included all medical use, but some of the
difference in medical use between inactive persons and
"active inactive" persons may be unrelated to exercise. As
a sensitivity test, we therefore narrowed the definition of
medical services to those thought to be related to exercise
and other habits. The fourth column gives the resulting
medical costs when this restriction is imposed. (Here, we
returned to the inactive group made hypothetically active.)
Medical and total external costs fall by roughly a factor of
two.

Fourth, many people become less active later in life. We
therefore tried to estimate the costs that such a switch to
inactivity impose on others. In doing so, we assumed that
these people were similar to moderate or heavy exercisers up
to age 50 and then became sedentary. Because the differences

TABLE 6-Sensitivity of Costs to Assumptions at 5 Per Cent Discount Rate

Altemative Assumptions

All Narrow Definition
Inactive Individuals NHIS Active of Medical Switch at Total

if Active Data Individuals Costsb age 50 Costs

Costsb
Medical costsc 1.8 4.4 -0.4 0.9 1.1 2.6
Sick leave 0.5 0.3 0.4 0.4 0.1 1.3
Group life 0.1 0.1 0.1 0.1 0.1
Nursing home -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
Retirement pension -0.5 -0.5 -0.6 -0.5 -0.4 -0.5

Taxes on eamings8 -0.1 -0.1 0.1 -0.1 *0.7
Total net costsa.C 1.9 4.3 -0.7 0.8 0.8 ?

NOTE: ' Indicates figure is less than 0.05. All costs are extemal, except last column.
aMeasured in thousands of dollars.
bOnly costs in diagnoses that are "probably related" to exercise.
c(Sum of costs) minus taxes on eamings. Due to rounding, categories may not sum to total.
dEamings, not taxes on eamings.
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due to a sedentary life-style start late in life, sick leave and
medical costs effects are diluted by discounting (column 5).
At a 5 percent discount rate, external costs are $800 larger
than if this group exercised throughout their lifetime.

Finally, the last column in Table 6 gives data on total
costs rather than external costs; that is, it includes the portion
borne by the person. Total costs are by definition higher than
external costs in areas in which people pay part of the costs
themselves. The costs shown in the last column amount to
$4,000 but that figure does not count the cost to the sedentary
person and his or her family of premature death and disabil-
ity. Although this latter cost is probably larger than any of the
costs shown, it is hard to quantify, so we have left the total
cost figure in the lower right hand corner as a question.

Discussion

Because there has been no direct trial of the lifetime
costs of not exercising, we have had to use several observa-
tional studies to estimate the components of costs. The main
uncertainty in our overall estimate of lifetime costs comes
from the validity of the assumptions, rather than statistical
noise. Therefore, we have included extensive sensitivity
analyses that show how our computed costs vary with the
assumptions.

If sedentary individuals were more active they would
live longer and reduce the costs they impose on others. The
reduced costs come from lower covered medical and work
loss costs associated with an active life-style. The higher
taxes paid by active individuals over their longer lifetimes
more than offset the additional pension payments received by
active people as a result of their increased life expectancy.
The effect of exercise is appreciable; for example, the
external costs of a sedentary life-style are almost double the
external costs of smoking.

In contrast to drunken drivers, the costs that sedentary
people impose on others are indirect; sedentary people do not
drive their armchairs into innocent bystanders. Most of these
external costs are captured in the model, but we assumed
there were no effects of inactivity on early retirement. In a
study of those obtaining permanent disability Social Security
benefits in 1975, 38 percent ofretiring workers ages 55-64 had
cardiovascular disease as their primary diagnosis.'9 Assum-
ing the year 1975 was typical, we can estimate that three per
cent of those ages 55-64 retire early because of cardiovas-
cular disease, to which lack of exercise can contribute. Early
retirement has large external costs associated with it, both
because it decreases taxes paid and increases pension and
disability insurance payments. If a sedentary life-style in-
creased the probability of early retirement, our estimates of
the external costs of a sedentary life-style are too low.

One of the largest uncertainties in our calculations
concerns the degree of causality in the link between exercise
and health status. Although we controlled for physical
limitation and several other differences between exercisers
and non-exercisers, we cannot be certain that the association
we have found between inactivity and health-related costs is
completely causal. In principle, this issue could be settled by
a randomized experiment of the effects of exercise promo-
tion, but size, cost, ethics, and long-term adherence problems
make such an experiment impractical. The issue of causality
remains to plague any observational attempt to estimate
external costs of inactivity.

The association between exercise and mortality raises
the same chicken-and-egg issue. Many epidemiological stud-

ies have shown dramatic differences in future heart disease
between those who are sedentary and those who
exercise.5,6,20 These studies have controlled for age and other
health habits. Still, it is hard to rule out the possibility that
heavy exercisers are inherently more healthy than sedentary
people in unmeasured ways, so that inactive persons who
take up exercise will not enjoy the gains in life expectancy
that models based on those studies would predict. If exer-
cising has no effect on mortality and morbidity, then there are
no benefits to making sedentary people more active. Because
of this uncertainty, the revised HRA model 3.0 says only that
exercise is probably good for you, and does not attempt to
quantify its life-extending benefits.

Nevertheless, individuals contemplating a switch to a
more active life-style will probably benefit from doing so.5
According to Paffenbarger and Hyde,4 the time spent walking
is just returned in later life (undiscounted), and joggers who
burn calories twice as fast as walkers can get double their
exercise time back in increased life expectancy. However,
the time given up to exercise is now, while the life extending
benefits ofexercise accrue in the future. Hence, ifpeople care
more about time now than time later, "l they should engage in
exercise that they either enjoy or has other benefits for them
(e.g., increasing their feeling of well-being, physical appear-
ance, etc.).

From a policy perspective, our results provide an eco-
nomic rationale both for government spending on recre-
ational facilities that encourage a more active life style, as
well as for employer spending on worksite wellness programs
that encourage exercise. About one-sixth of the population is
sedentary but not physically limited. Whether subsidies to
encourage exercise would induce enough additional exercise
among that group to justify their costs is an issue we must
leave to others; if our estimate of $1,900 in benefits per active
person is approximately correct, a relatively small additional
percentage of exercising would be enough to justify a sub-
sidy, especially because the majority who already exercise
would also derive benefits from such facilities and programs.
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APPENDIX
Further Details of Methods

1. Basis of Life Tables

We constructed an abridged life table using 1980 data on
national mortality and the 1984 Centers for Disease Control's
version of the Health Risk Appraisal (HRA) program devel-
oped by Robbins and Hall.2' The HRA was used to adjust
survival rates to reflect differences in the relative risks of
dying between people who exercise and those who lead more
sedentary lives.

Unfortunately, some problems in the 1984 HRA model's
treatment of exercise lead to implausibly large estimates of
the effects of exercise. For example, according to computa-
tions that we performed using the HRA model, men who
switch from a sedentary life style to exercise will live nine
years longer, almost double the computed effects of not
smoking! This estimate is implausibly large for two reasons:
1) the HRA fails to account for the fact that better health may
lead one to exercise, rather than vice versa; and 2) the
adjustment made to the HRA model's exercise risk multipli-
ers for age is inadequate, which makes the computed effects
of exercise for older males too large. These two problems
were compounded by the fact that our measures of exercise
do not match well with the HRA categories. For example,
because we had no information on past exercise habits, we
had to assume that current patterns represent lifelong pat-
terns. Yet exercise habits are not particularly stable.

Given these problems, we decided to estimate the
external costs of exercise in three ways. As an upper bound
on mortality effects, we used the unaltered results ofthe HRA
model. For a lower bound, we assumed that exercise had no
effect on mortality whatsoever, so that external costs arose
only from differences in medical and sick-leave costs for
sedentary and active people. For our best estimate, we
uniformly altered the age-specific relative mortality risks of
not exercising in the HRA model, so that male exercisers
lived one and a half years more than male nonexercisers. This
value was derived from several recent studies.5'6'10 We did
not adjust the mortality values for women because very little
is known quantitatively about the effects of exercise on
women and because the effects of exercise in the HRA model
were not nearly as large as for men.

2. Assumptions on Collective Financing

To simplify the calculation of how much active and
inactive people pay annually to finance these programs, we
assume that each pays a given proportion of earnings, where
the proportion is just enough to finance these programs (10.3
percent of earnings, at a 5 percent rate of discount). The
assumption of proportionality is approximately correct for
publicly financed goods and services,22 and is also probably
correct for privately financed pensions. Private premiums for
health insurance are regressive, but this is somewhat offset
by the benefits of Social Security payments and Medicaid
financing for nursing home services being progressive.

3. Medical Care Services and Insurance Coverage

We examined the use ofmedical care services (excluding
dental care) by those who exercise varying amounts. In the
case of the HIE (RAND Health Insurance Experiment),
medical expenditure measures were based on claims filed
during the experiment for periods up to five years, and the
individual's pre-experimental insurance coverage was used
to estimate external costs. In the case of the NHIS (National
Health Interview Survey), medical measures were outpatient
visits and hospital admissions in the preceding year. Visits
and admissions were converted to expenditures using aver-
age prices from the National Medical Care Expenditure
Survey (NMCES),23'24 and data on insurance coverage ofthe
non-elderly from NMCES were used to estimate the portion
of medical costs that were external.

In our analysis, we examined differences in medical use
between those who engaged in regular exercise and those
who did not. Because some of the observed differences in
medical care use may not be caused by the amount one
exercises, we made three corrections:

* We excluded maternity services because it seemed
implausible that exercise was causally related to the
decision to have children. (We also excluded well care
because it is generally not covered by insurance.)

* To increase the chances that the difference in use of
medical services is caused by differences in the
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amount one exercises, we limited one set of analyses
to diagnoses thought to be directly related to bad
habits.

* We controlled for a set of confounding variables, as
described in the text.

4. Work Loss

In the HIE, work loss includes time lost from work due
to one's own or someone else's illness, including time for
visits to a physician. A half-day or more missed from work
was counted as a work-loss day. Because we do not know the
reason for the work loss, we cannot restrict our measure to
sick days due to illnesses known to be related to exercise.
Instead, we estimated the difference in total work loss among
persons with different levels of exercise, controlling for
health habits and other covariates.

Wage data from the CPS were used to convert work loss
days into costs. To obtain a figure for external costs, we used
an estimate that employers pay 38 percent of the cost ofwork
1OSS.25

5. Comparison of the HIE and NHIS Data Sets

We compared the estimated effects of exercise on
medical costs and work loss on the non-elderly in the NHIS

and the HIE data. Although there were few statistically
significant differences, in some cases there were appreciable
differences in the estimated coefficients. The differences in
the magnitude ofthe estimated responses to exercise between
the HIE and NHIS prompted us to perform the cost analysis
two ways: 1) we used data from the HIE for those under age
60 and the NHIS for those 60 and older; 2) we used data
exclusively from the NHIS (i.e., for all age groups).

6. Wages and Pensvions

Data on wages come from the Current Population
Survey. 16 Data on pensions, public and private, by age, sex,
and education class also come from the Current Population
Survey; they have been adjusted for the estimated 21 percent
underreporting factor in this survey.'7 (We include private
pensions as collectively financed because most are defined
benefit plans rather than defined contribution plans and
because defined contribution plans generally convert to
annuities whose payout is independent of exercise status.)
We assume survivors in each age, sex, and education class
get the average pension for that class, i.e., we assume amount
of exercise has no effect on age at retirement.

I Cancer Prevention Fellowship Program Invites Applications I
The Division of Cancer Prevention and Control (DCPC) is accepting applications for the Cancer

Prevention Fellowship Program (CPFP). The purpose of the program is to attract individuals from a
multiplicity of health science disciplines into the field of cancer prevention and control. The program
provides for:

* Participation in the DCPC Cancer Prevention and Control Academic Course;
* Working at NCI directly within individual preceptors on cancer prevention and control projects;
* Brief field assignments in cancer prevention and control programs at other institutions.
Funding permitting, ten Fellows will be accepted for up to three years of training, beginning July

1, 1990. Benefits include selected relocation and travel expenses, paid federal holidays, and participatory
health insurance.

Eligibility for the program is restricted to the following categories:
* MD or DO degree from a US, territorial, or Canadian Medical School, or
* PhD, DrPH, or other doctoral degree in a related discipline (epidemiology, biostatistics, and the

biomedical, nutritional, public health, or behavioral sciences), or
* Foreign education, comparable to that received in accredited US, territorial or Canadian

institutions. Foreign medical graduates must have current ECFMG/FMGEMS certification and
appropriate experience, e.g., one year residency in a training program approved by the
Accreditation Council for Graduate Medical Education.

* US citizenship or resident alien eligible for citizenship within four years.
The deadline for receipt of applications is September 8, 1989. To receive further details and

application packet, sent apostcard with your name and home address to: Douglas L. Weed, MD, MPH,
PhD, Cancer Prevention Fellowship Program, Division of Cancer Prevention and Control, National
Cancer Institute, Executive Plaza South, T-41, Bethesda, MD 20892. Further inquiries: Mrs. Barbara
Redding (301) 496-8640 or 496-8641.
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